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PHASE CHANGABLE MEMORY DEVICE 
STRUCTURES AND RELATED METHODS 

Related Applications 
[OOdl] The present application claims the benefit of priority firom 
Korean Application No. P2003-17694 filed March 21, 2003, the disclosure of 
which is hereby incorporated herein in its entirety by reference. 

Field of the Invention 
[0002] The present invention relates to memory devices and more 
particularly to phase-changeable memory devices and methods of fabricating the 
same. 

Background of the Invention 

[0003] Semiconductor memory devices may be categorized as volatile 
memory devices and non-volatile memory devices depending on whether data can 
be conserved or not when a power supply is cut off. Dynamic random access 
memory (D-RAM) devices and static random access memory (S-RAM) devices are 
volatile memory devices, and flash memory devices are examples of non-volatile 
memory devices . Typical memory devices may indicate logic "0" or "1" according 
to the presence of stored charges. 

[0004] A volatile D-RAM may require periodic refiresh operations and 
relatively high capacity for storing charges. There have thus been efforts to 
improve memory cell capacitances of DRAM devices. For example, surfaces of 
memory cell capacitor electrodes may be increased to increase capacitance, but the 
increase of the capacitor electrode surface area may be an obstacle to improving 
device integration densities. 

[0005] A conventional flash memory cell may include a gate insulating 
layer, a floating gate, a dielectric layer and a control gate that are sequentially 
stacked on a semiconductor substrate. Writing and/or erasing data in a flash 
memory cell may include tunneling electrons through a gate insulating layer, and 
an operating voltage higher than a power voltage may need to be provided. A flash 
memory device may require a booster circuit for applying a required voltage 
during write and/or erase operations. 

[0006] Accordingly, new memory devices having non-volatile and 
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' random access characteristics and simple structures have been developed. An 
example of such a new memory device is a phase-changeable memory device. A 
phase-changeable memory device may use a phase changeable material that 
, changes its crystalline structure depending on heat provided thereto. 
Conventionally, the phase-changeable material may be a chalcogen compound 
including germanium (Ge), antimony (Sb) and/or tellurium (Te) (i.e., GST or Ge- 
Sb-Te). Phase-changeable materials are also discussed in U.S. Patent No. 5,933, 
365 (to Klersy et al., entitled "Memory Element With Energy Control Mechanism", 
issued Aug. 3, 1999), the disclosure of which is hereby incorporated herein in its 
entirety by reference. 

[0007] When a current is applied to the phase-changeable material layer 
to heat the phase-changeable material, a crystal state of a predetermined portion of 
the GST may change depending on the amount and/or duration of the current 
provided. In this case, a crystalline state may have a relatively low resistance and 
an amorphous state may have a high resistance.. The resistance may vary according 
to the state of crystal, such that logical information can be determined by detecting 
differences of the resistance. 

[0008] If GST is heated up to a melting point (about 61 0°C) by 
applying a relatively high current flux to the GST for a relatively short time (1- 
10ns) and then quenched quickly in a short time (Ins or less), the heated portion of 
the GST may take an amorphous state (i.e., a reset state). If GST is heated up to 
maintain a crystalline temperature (about 450''C) lower than the melting point 
temperature by applying a relatively low current flux for a relatively long time 
(i.e., about 30-50ns) and cooled down, the heated portion of GST may take a 
crystalline state (a set state). The current flux for programming is thus related to a 
stmcture of the phase-changeable memory cell. 

[0009] Fig. 1 is a cross-sectional view showing a phase-changeable 
memory cell disclosed in U.S. Patent No. 5,933, 365. In Fig. 1, reference numbers 
1 1 and 17 indicate insulating layers, reference numbers 13 and 23 indicate 
electrical contact layers, reference number 19 indicates a phase-changeable layer, 
and reference numbers 1 5 and 21 indicate heating layers for providing heat for the 
phase-changeable layer. As illustrated in Fig. 1, a small hole is formed in the 
insulating layer 17 to expose the heating layer 15. The phase-changeable layer 19 
and the heating layer 1 5 are in contact with each other through the small hole. 
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' Accordingly, when heat is applied to the phase-changeable material layer 19 
through the heating layer 15, a crystalline state of a portion of the phase- 
changeable layer contacting the heating layer 15 in the hole may change. That is, a 
crystalline state of the phase-changeable layer at a contacting area between the 
heating layer 15 and the phase-changeable layer 19 may change. 

[0010] In the structure discussed above, heat provided for the phase- 
changeable layer 19 through the heating layer 15 may also diffuse through the 
heating layer 15, because the heating layer 15 has a wddely spreading plate-shape. 
Current flux for programming may thus become high. 

[0011] Accordingly, the heating layer may be provided in a plug-shape 
penetrating an insulating layer to reduce heat diffusion. Fig. 2 is a cross sectional 
view showing a phase-changeable memory device with the plug-shaped heating 
layer. In Fig. 2, reference number 1 1 ' indicates an insulating layer, reference 
number 15' indicates a plug-shaped lower electrode for heating a phase-changeable 
layer, reference number 19' indicates a phaserchangeable layer, and reference 
number 23' indicates a second electrode. 

[0012] " Referring to Fig. 2, a plug-shaped lower electrode 15' provides 
heat for a phase-changeable layer 19' different from the plate-shaped heating layer 
15 illustrated in Fig. 1 . An intensity of the current provided to the phase- 
changeable layer 19' by the plug-shaped lower electrode 15' may increase and heat 
diffusion may decrease as compared with a plate-shaped heating layer. In the 
plug-shaped lower electrode structure, however, the phase-changeable layer 19' 
and the second electrode 23' may have a same diameter as was the case in the 
phase-changeable memory device of Fig. 1. Therefore, a relatively high program 
currently may still be required. 

Stammarv of the Invention 
[0013] According to embodiments of the present invention, a phase- 
changeable memory device may include a substrate, an insulating layer, first and 
second electrodes, and a pattern of a phase-changeable material. More 
particularly, the insulating layer may be provided on the substrate, and the 
insulating layer may have a hole therein. The first electrode may be in the hole in 
the insulating layer, and the pattern of the phase-changeable layer may be on the 
first electrode between the first and second electrodes. Moreover, portions of the 
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' second electrode may extend beyond an edge of the pattern of phase-changeable 
material. 

[0014] More particularly, a void may be defined between the portions 
of the second electrode extending beyond the edge of the pattem of the phase- 
changeable material and the first insulating layer. In addition, the pattem of the 
phase-changeable material may extend beyond the first electrode onto portions of 
the first insulating layer. In an altemative, the first insulating layer may be firee of 
the ph£ise-changeable material. 

[0015] The phase-changeable memory device may also include a 
protective insulating layer on sidewalls of the pattem of phase-changeable 
material, on exposed surfaces of the second insulating layer, and on the first 
insulating layer. In addition, a second insulating layer may be provided on the 
protective insulating layer so that the protective insulating layer is between the 
second insulating layer and the second electrode and so that the protective 
insulating layer is between the second insulating layer and the first insulating layer. 
With the protective insulating layer and the second insulating layer, a void may be 
defined between the portions of the second electrode extending beyond the edge of 
the phase-changeable material and the first insulating layer. 

[0016] According to additional embodiments of the present invention, a 
method of forming a phase-changeable memory device may include forming an 
insulating layer on a substrate wherein the insulating layer has a hole therein. A 
first electrode may be formed in the hole in the insulating layer, and a pattem of a 
phase-changeable material may be formed on the first electrode. A second 
electrode may be formed on the layer of the phase-changeable material such that 
the pattem of the phase-changeable material is between the first and second 
electrodes. Moreover, portions of the second electrode may extend beyond an edge 
of the pattem of phase-changeable material. 

[0017] More particularly, forming the pattem of phase-changeable 
material and forming the second electrode may include forming a layer of the 
phase-changeable material on the first electrode and on the first insulating layer 
and forming a layer of an electrode material on the layer of the phase-changeable 
material. After forming the layers of the phase-changeable material and the 
electrode material, the layers of the phase-changeable material and the electrode 
material may be pattemed to provide the pattem of the phase-changeable material 
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'-and the second electrode. Moreover, the layer of the phase-changeable material 
may be over etched with respect to the layer of the electrode material so that the 
portions of the second electrode extend beyond the edge of the pattern of phase- 
changeable material. 

[0018] In addition, patterning the layers of the phase-changeable 
material and the electrode material may include forming an etch mask on the layer 
of the electrode material. Portions of the layer of the electrode material exposed by 
the etch mask may be etched to provide the second electrode, and the layer of the 
phase-changeable material may be etched using the etch mask and/or the second 
electrode as a mask. The mask may then be removed. 

[0019] More particularly, an etch gas including CF4 may be used w^hen 
etching portions of the layer of the electrode material, and an etch gas including 
CF4 may be used when etching the layer of the phase-changeable material wherein 
a flux of the CF4 decreases as etching the layer of the phase-changeable material 
progresses. Moreover, the etch gasses for etching the layer of the electrode 
material and for etching the layer of the phase-changeable material may include Ar 
and CI2. In an altemative, an etch gas including CF4, Ar, and CI2 may be used 
when etching portions of the layer of the electrode material, and an etch gas 
including Ar, and CI2 without CF4 may be used when etching portions of the 
phase-changeable material. 

Brief Description of the Dravyings 

[0020] Figs. 1 and 2 are cross-sectional views illustrating conventional 
phase-changeable memory devices. 

[0021] Fig. 3 A is a cross-sectional view illustrating phase-changeable 
memory devices in accordance vsdth embodiments of the present invention. 

[0022] Fig. 3B is a cross-sectional view illustrating phase-changeable 
memory devices in accordance with additional embodiments of the present 
invention. 

[0023] Fig. 4A is a cross-sectional view illustrating phase-changeable 
memory devices in accordance with yet additional embodiments of the present 
invention. 

[0024] Fig. 4B is a cross-sectional view illustrating phase-changeable 
memory devices in accordance with still addition£d embodiments of the present 
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• invention. 

[0025] Figs. 5 through 1 1 are cross-sectional views illustrating steps for 
fabricating phase-changeable memory devices in accordance with embodiments of 
the present invention. 

Detailed Description 
[0026] The present invention will now be described more fully 
hereinafter with reference to the accompanying drawings, in which embodiments 
of the present invention are shown. This invention may, however, be embodied in 
different forms and should not be construed as limited to the embodiments set forth 
herein. Rather, these embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of the present invention to 
those skilled in the art. In the drawings, the thickness of layers and regions are 
exaggerated for clarity. Like numbers refer to like elements. It will also be 
imderstood that when a layer is referred to as being on another layer of substrate, it 
can be directly on the other layer or substrate, or intervening layers may also be 
present. 

[0027] According to embodiments of the present invention, a phase- 
changeable device may include a transistor and a variable resistor for storing 
information. The variable resistor may include a pattern of a phase-changeable 
material and two electrodes for transferring an electrical signal to the pattem of the 
phase changeable material. A first of the two electrodes (i.e., a lower electrode) 
may be shaped like a plug penetrating an insulating layer. Depending on an 
intensity of current flowing through the first electrode, a crystalline structure of 
portions of the phase-changeable material in contact with the first electrode may 
change. The second of the two electrodes (i.e., a second electrode) may be 
disposed on the pattem of the phase changeable material and may be larger than 
the pattem of the phase changeable material. That is, the pattem of the phase 
changeable material may be smaller than the second electrode. Moreover, the 
second electrode may be formed to have a dimension as small as possible 
according to the photolithography technique being used. The pattem of the phase 
changeable material may thus be formed having a dimension smaller than that 
provided by the resolution of the photolithography technique being used. Program 
currents may thus be reduced. 
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[0028] Fig. 3 A is a cross-sectional view showing a variable resistor in 
accordance with embodiments of the present invention. In Fig. 3 A, reference 
nxmiber 119 indicates a first electrode (such as a lower electrode) and reference 
number 121a indicates a pattern of a phase-changeable material. Reference 
nvunbers 117 and 129 refer to first insulating and second insulating layers, 
respectively. The first electrode 1 19 is plug-shaped penetrating a predetermined 
region of the first insulating layer 117, The pattern of the phase changeable 
material 121a is disposed on the first insulating layer 117 and/or the first electrode 
119, and the pattem of the phase changeable material 121a is electrically cormected 
to the first electrode 119. The second electrode 123a is disposed on the pattem of 
the phase changeable material 121a. A dimension of the pattem of the phase 
changeable material 121a may be smaller than a corresponding dimension of the 
second electrode. More particularly, the pattem of the phase changeable material 
121a may be smaller than the second electrode 123a in diameter. The pattem of 
the phase changeable material 121a may have a dimension larger than a 
corresponding dimension of the contact-plug shaped first electrode 119. More 
particularly, the pattem of the phase changeable material 121a may be larger than 
the contact-plug shaped first electrode 119. The second electrode 123a may have 
various diameters but may be formed as small as allowed by a photolithographic 
process being used for integrity. The pattem of the phase changeable material may 
thus be formed to have a dimension(s) smaller than that allowed by the 
photolithographic process being used. As a result, program currents may be 
reduced. 

[0029] The first electrode 119 and/or the second electrode 123a may 
comprise a conductive material including nitrogen, carbon, titanium, tungsten, 
molybdenum, tantalum, titanium silicide, tantalum and/or silicide, and/or 
combinations thereof. For example, a conductive material including nitrogen may 
be selected from titanium nitride (TiN), tantalum nitride (TaN), molybdenum 
nitride (MoN), niobium nitride (NbN), titanium silicon nitride (TiSiN), titanium 
alxmiinum nitride (TiAlN), titanium boron nitride (TiBN), zirconium silicon nitride 
(ZrSiN), tungsten silicon nitride (WSiN), tungsten boron nitride (WBN), zirconium 
aluminimi nitride (ZrAlN), molybdenum silicon nitride (MoSiN), molybdenimi 
aluminum nitride (MoAlN), tantalum silicon nitride (TaSiN), tantalum aluminum 
nitride (TaAlN), titanium oxide nitride (TiON), titanium aluminum oxide nitride 
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* (TiAlON), tungsten oxide nitride (WON), and/or tantalum oxide nitride (TaON). 

[0030] The pattern of the phase changeable material 121a may include 
a combination of at least one of Te and/or Se, and at least one of Ge, Sb, Bi, Pb, 
Sn, Ag, As, S, Si, P, O and/or N. For example, the pattern of the phase changeable 
material may include Ge-Sb-Te, As-Sb-Te, As-Ge-Sb-Te, Sn-Sb-Te, Ag-In-Sb-Te, 
In-Sb-Te, 5A group elements-Sb-Te, 6A group elements-Sb-Te, 5A group 
elements-Sb-Se, and/or 6A group elements-Sb-Se. 

[0031] The second insulating layer 129 may cover the second electrode 
123a and the first insulating layer 117 outside the second electrode 123a, such that 
an undercut space 127 is provided adjacent portions of the second electrode 123a 
not in contact with the top surface of the pattern of the phase changeable material 
121a. The undercut space 127 surrounding the pattem of the phase changeable 
material 121a may provide adiabatic properties to reduce loss of heat provided 
from the first electrode 119 to the pattem of the phase changeable material 121a 
during a program operation. Therefore, the heat may be effectively conducted 
from the first electrode 1 19 to the pattem of the phase changeable material 121a so 
that program current can be reduced. 

[0032] The first electrode 119 may be electrically connected to a 
source region of a transistor formed on a substrate (not illustrated in Figure 3 A). 
The second electrode 123a may be electrically connected to a data line disposed on 
the second insulating layer 129. As illustrated in Fig. 3B, a protective insulating 
layer 128 may be formed (prior to forming the second insulating layer 129) along 
exposed portions of the first insulating layer 117, the pattem of the phase 
changeable material 121a, and the second electrode 123a. 

[0033] The protective insulating layer 128 and the second insulating 
layer 129 may include one or more materials selected from silicon dioxide (Si02), 
silicon nitride (SiNx), silicon oxide nitride (SiON), aluminum oxide (AlOx), 
titanium oxide (TiOi), tantalum oxide (Ta205), and/or hafiiium oxide (HfOi), 
and/or combinations thereof. The protective insulating layer 128 may be formed to 
have uniform thickness along the stmcture. More particularly the layer 128 may 
be formed vising a thin film deposition technology providing relatively good step 
coverage, such as atomic layer deposition (ALD), chemical vapor deposition 
(CVD), etc. The second insulating layer 129 may be formed by a thin film 
deposition technology providing relatively poor step coverage, such as plasma 
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♦ vapor deposition (PVD), plasma enhanced chemical vapor deposition (PE-DVDX 
etc. 

[0034] Fig. 4A is a cross-sectional view illustrating a variable resistor 
in accordance with other embodiments of the present invention. The structure of 
Figure 4A includes first insulating layer 117', first electrode U9\ pattern of the 
phase changeable material 121a', second electrode 123a, and' second insulating 
layer 129'. Referring to Fig. 4 A, the variable resistor is similar to that illustrated in 
Fig. 3 A except that the pattem of the phase changeable material 121a' has a 
dimension smaller than that of a corresponding dimension of the first electrode 
U9\ Thus, an undercut space 127' surrovmding the pattem of the phase changeable 
material 121a' may be a little wider than that illustrated in Fig. 3 A. The pattem of 
the phase changeable material 121a' has a dimension smaller than that of a 
corresponding dimension of the second electrode 123a'. A diameter of a contact 
region between the pattem of the phase changeable material 121a' and the first 
electrode 119' may be smaller than that of the pattem of the phase changeable 
material 121a' illustrated in Fig. 3 A. However, the diameter of the pattem of the 
phase changeable material 121a' may be equal to that of the fu-st electrode 1 19 of 
Fig. 3 A. In this case, the diameter of first electrode 119' may be larger than the 
diameter 1 19 of the first electrode in Fig. 3 A, and the contact region between the 
first electrode and the pattem of the phase changeable material may be identical to 
that in Fig. 3 A. 

[0035] As shown in Fig. 4B, a protective layer 128' having imiform 
thickness may be disposed along the first insulating layer 117', the pattem of the 
phase changeable material 121' and the second electrode 1 23a' . 

[0036] Methods of fabricating phase-changeable memory devices 
including variable resistors according to embodiments of the present invention are 
discussed with reference to Figures 5-1 1 . 

[0037] Referring to Fig. 5, a conventional MOS field effect transistor 
process can be used to form a device isolating region 103 and transistors 109 on a 
substrate 101. The device isolating region 103 may be formed in a substrate 101 
and may define active regions. The device isolating region 103 may be formed, for 
example, using a local oxidation of silicon (LOCOS) isolation process and/or a 
shallow trench isolation (STI) process. The transistors 109 may include respective 
gate electrodes 105, respective source regions 107b, and a common drain region 
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* 107a. The gate electrodes 105 may be formed on the substrate 101 and may extend 
in a direction perpendicular to the cross-section of Figure 5. The source regions 
107b and the common drain region 107a are formed in the substrate 101 . Portions 
of the active region between the source and drain regions 107b and 107a may 
provide a current pass channel therebetween. A gate insulating layer is provided 
between the gate electrodes 105 and the channel regions. 

[0038] An interlayer insulating layer 111 may be formed or the 
substrate including the transistors 109. The interlayer insulating layer 111 may be 
formed, for example, of silicon oxide using chemical vapor deposition (CVD). 

[0039] Referring to Fig. 6, interconnection 113a and electrode forming 
processes are explained. The interconnection 113a is a conductive interconnection 
electrically connected to the common drain region 107a of the transistors 109. For 
example, the interconnection may extend parallel to the gate electrodes 105. The 
interconnection 113a may be formed using a dual damascene process. More 
particularly, the interlayer insulating layer 111 may be patterned to form an 
interconnection groove 112a and a contact hole 112a'. The interconnection groove 
1 12a and the contact hole 1 12a' may be filled with conductive material to form 
intercoimection 113a. Contact pads 113b can be formed electrically connected to 
the source regions 107b when the interconnection 1 13a is formed. Openings 112b 
for the contact pads and the contact holes 1 12b' can be formed when the 
interconnection groove 1 12a and the contact hole 1 12a' are formed. In addition, 
while the interconnection groove 112a and the contact hole 112a' are filled with a 
conductive material, the openings 112b and the contact holes 112a' can also be 
filled with the conductive material. The contact pads 113b may provide electrical 
coimection between first electrodes 119 (formed in a subsequent process) and the 
source regions 107b. 

[0040] The dual damascene process may be replaced by other methods 
for forming the interconnection 1 13a and the contact pads 1 13b. That is, the 
interlayer insulating layer 111 may be patterned to form contact holes exposing the 
source and drain regions 107b and 107a. Then, a conductive material may be 
formed on the first interlayer insulating layer 111 to fill the contact holes. A 
patterning process may be further carried out. 

[0041] An interlayer insulating layer 1 1 5 may be formed on the 
interconnection 1 1 3a, the contact pads 1 1 3b, and the interlayer insulating layer 111. 
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The interlayer insulating layer 1 1 1 and the interlay er insulating layer 1 1 5 may ~ 
provide a combined insulating layer 117. The interlayer insulating layer 115 may 
be formed, for example, of silicon oxide by a chemical vapor deposition. The 
interlayer insulating layer 115 may be pattemed to form contact holes 118 exposing 
the contact pads 1 1 3b. Then, the contact holes 118 can be filled with conductive 
material to form first electrodes 119 electrically cormected to the contact pads 
1 1 3b. The first electrodes 119 may be formed by depositing a conductive material 
and planarizing the conductive material to provide plugs even with a surface of 
insulating layer 115 (e.g., a chemical mechanical polishing or etch back process). 
Optionally, insulating spacers may be formed on sidewalls of the contact hole 118 
to decrease a diameter of the first electrodes 119. 

[0042] The first electrodes 119 may be formed of a conductive material 
including nitrogen, carbon, titanium, tungsten, molybdenum, tantalum, titanium 
silicide, tantalum, and/or silicide, and/or combinations thereof. The first electrode 
layers 119 may be formed, for example, by material layer deposition methods such 
as chemical vapor deposition (CVD), plasma enhanced chemical vapor deposition 
(PE-CVD), and/or atomic layer deposition (ALD). 

[0043] For example, the conductive material may be a conductive 
material including nitrogen such as titanixmi nitride (TiN), tantalum nitride (TaN), 
molybdenimi nitride (MoN), niobium nitride (NbN), titanium silicon nitride 
(TiSiN), titanium aluminum nitride (TiAlN), titanium boron nitride (TiBN), 
zirconium silicon nitride (ZrSiN), tungsten silicon nitride (WSiN), tungsten boron 
nitride (WBN), zirconium aluminxim nitride (ZrAlN), molybdenum silicon nitride 
(MoSiN), molybdenum aluminum nitride (MoAlN), tantalum silicon nitride 
(TaSiN), tantalum aluminum nitride (TaAlN), titanium oxide nitride (TiON), 
titanixmi alimiinum oxide nitride (TiAlON), tungsten oxide nitride (WON) and/or 
tantalum oxide nitride (TaON). 

[0044] The first electrode 119, for example, may be formed of titanium 
aluminum nitride. A source gas such as titanium tetrachloride (TiCU) may flow 
into a reactor to be absorbed on the semiconductor substrate with the contact holes 
1 1 8. The non-absorbed TiCU gas may be purged by a purging gas and then a 
nitrogen source such as ammonia (NH3) gas may flow into the reactor. Titanium 
nitride (TiN) electrodes may thus be formed. The pxirging gas may purge the 
inside of the reactor, and the non-reacted ammonia m;ay flow out from the reactor. 
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Altuninxim trimethane (A1(CH3)3) may flow into the reactor as an aluminum source 
and may be absorbed on the titanium layer. Non-absorbed aluminum trimethane 
may flow out from the reactor with the purging gas. Again, ammonia may flow 
into the reactor, and the ammonia may then be purged by the purging gas. A cycle 
comprising these steps may be repeated to form a TiAlN layer having a desirable 
thickness. A carrier gas (such as argon and/or nitrogen gas) may be used as a 
source gas to provide smooth flow into smoothly. 

[0045] Referring to Fig. 7, after the first electrode 1 19 is formed, a 
layer of a phase-changeable material 121 and a second electrode layer 123 may be 
formed on the combined insulating layer 117. The layer of the phase-changeable 
material 121 may include a combination of at least one of Te and/or Se (i.e., 
chalcogens), and at least one of Ge, Sb, Bi, Pb, Sn, Ag, As, S, Si, P, O, and/or N. 
For example, the phase-changeable material may include Ge-Sb-Te, As-Sb-Te, As- 
Ge-Sb-Te, Sn-Sb-Te, Ag-In-Sb-Te, In-Sb-Te, 5 A group elements-Sb-Te, 6A group 
elements-Sb-Te, 5 A group elements-Sb-Se, and/or 6A group elements-Sb-Se. 

[0046] The layer of the phase-changeable material 121 may be formed, 
for example, by sputtering Ge-Sb-Te. Using a Ge-Sb-Te, sputtering target, a layer 
of a phase-changeable material 121 may be formed having a thickness in the range 
of about 100- 1000 A imder a condition of about 10mm Torr argon and about 500W 
DC power. 

[0047] The second electrode layer 123 may be formed for example, by 
CVD, PVD, and/or ALD of the same material as the first electrode 119. For 
example the second electrode 123 may be formed of a conductive material 
including nitrogen, carbon, titanium, tungsten, molybdenum, tantalum, titanium 
silicide, tantalum, and/or silicide, and/or combinations thereof. 

[0048] The second electrode layer, for example, may be formed of 
titanium aluminum nitride using PE-CVD. Using DC sputtering with a titanium 
aliuninum alloy target (alvmiinum of 20atomic percent), the second electrode layer 
123 may be formed having a thickness in the range of about 100- 1000 A under 
conditions of about 3mm Torr argon, about 3mm Torr nitrogen and about 1500W 
DC power. Referring to Fig. 7, a photoresist pattem 125 may be formed on the 
second electrode layer 123 to define the second electrode. 

[0049] Referring to Fig. 8, the exposed second electrode layer 123 is 
etched to form second electrodes 123a using the photo resist pattem 125 as an etch 
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- mask. The etching of the second electrode layer 123 may use an etch gas including 
at least CF4 gas. More particularly, the etching of the second electrode layer 123 
may use an etch gas including CF4, Ar and CI2. 

[0050] Exposed portions of the layer of the phase-changeable material 
121 may be etched to form a pattern of the phase-changeable material 121a as 
illustrated in Fig, 9. The first electrodes 119, the pattem of the phase-changeable 
material 121a, and the second electrodes 123a may provide variable resistances 
124. The layer of the phase-changeable material and the second electrode layer 
may be etched using a same etch chamber. Flux of the CF4 gas may be gradually 
reduced when the layer of the phase-changeable material is etched after the second 
electrode layer is etched. Thus, a pattem of a phase-changeable material 121a may 
be formed with a dimension smaller than that of the second electrode 123 a. 
Alternatively, the flux of the CF4 may be reduced compared to what is used dviring 
etching of the second electrode layer. 

[0051] In another alternative, the CF4 may not be used when etching 
the layer of the phase-changeable material 121. That is, when the second electrode 
layer 123 is etched, CF4, Ar and CI2 gases may be used, and when the layer of the 
phase-changeable material 121 is etched, Ar 2ind CI2 gases may be used without 
CF4. 

[0052] Depending on a flxix of the CF4 gas, the pattem of the phase- 
changeable material 121a may be formed having different sizes. For example, 
relatively small amoimts of CF4 may result in pattem of the phase changeable 
materials 121a having smaller dimensions. Thus, controlling the flux of the CF4 
may make it possible to form the pattem of the phase changeable material 121a 
having a desired size. The pattem of the phase changeable material 121a can be 
formed smaller than the second electrode 123 a and larger than the first electrode 
1 19 as illustrated in Fig. 3 A. In an altemative, the pattem of the phase changeable 
material 121a' can be formed smaller than the second and first electrodes 123 a and 
119. 

[0053] Subsequent steps are discussed with reference to Figs. 10 and 
1 1 . Referring to Fig. 10, an insulating layer 129 is formed on the insulating layer 
1 17 to cover at least the second electrodes 123 a. 

[0054] The insulating layer 129 may be formed, for example, using 
plasma vapor deposition, and/or plasma enhanced chemical vapor deposition. That 
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r is, the insulating layer 129 may be formed on a top surface and sidewalls of the 
second electrodes 123a and on the insulating layer 117 outside the second 
electrodes 124a such that an undercut space 127 (referring to Fig. 3 A) is provided 
adjacent portions of the second electrode 123a that are not in contact with the top 
surface of the pattem of the phase changeable material 121a. The imdercut space 
127 may surround sidewalls of the pattem of the phase changeable material. In 
addition, the imdercut space 127 may provide improved adiabatic characteristics to 
reduce a loss of heat provided to the pattem of the phase changeable material 121a. 
For example, the insulating layer 129 may be formed of plasma-enhanced TEOS 
(PE-TEOS). 

[0055] In an altertative, the undercut space may be filled with the 
insulating layer 129. That is, the second insulating layer may be formed using 
atomic layer deposition and/or chemical vapor deposition, which provide relatively 
good step coverage. 

[0056] In addition, a protective insulating layer 128 may also be 
formed for example using atomic layer deposition, and/or chemical vapor 
deposition before forming the insulating layer 129, which may have relatively poor 
step coverage. The protective layer 128 may be formed to have a relatively 
imiform thickness along the insulating layer 117, sidewalls of the pattem of the 
phase changeable material 121ei, and the second electrode 123a. In this case, the 
insulating layer 129 may be formed on the protective insulating layer 128, and a 
vacant space 127 may be maintained beside the pattem of the phase changeable 
material 121a. 

[0057] The insulating layer 129 may be formed of silicon dioxide 
(Si02), silicon nitride (SiNx), silicon oxide nitride (SiON), aluminum oxide (AlOx), 
titanium oxide (TiOi), tantalum oxide (TaiOs), and/or hafnium oxide (Hf02), 
and/or combinations thereof. 

[0058] The protective insulating layer 128 may also be formed of 
silicon dioxide (Si02), silicon nitride (SiNx), silicon oxide nitride (SiON), 
aluminum oxide (AlOx), titanium oxide (TiOi), tantalum oxide (Ta205), and/or 
hafiiium oxide (HfD2), and/or combinations thereof. 

[0059] Referring to Fig. 1 1, the insulating layer 129 may be patterned 
to form a via holes 131 exposing portions of the second electrodes 123a. A 
conductive material may be deposited in the via holes 131 and on the second 
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insulating layer 129, and the conductive material may then be patterned to forrii an" 
interconnection 133. 

[0060] For example, the interconnection 133 may be formed of 
aluminum, aluminum-copper alloy, aluminum-copper-silicdn alloy, tungsten 
silicide, titanium, tungsten, molybdenum, tantalum, tungsten titanium, and/or 
copper. In addition, the second interconnection may be formed, for example, using 
plasma vapor deposition, and/or chemical vapor deposition. 

[0061] Altematively, conductive plugs may be formed to fill in the via 
holes 131, and then a conductive material may be deposited again and patterned to 
form the interconnection 133. 

[0062] Inventors of the present invention measured temperatures of the 
pattern of the phase changeable material in different structured phase-changeable 
memory devices when an identical ctirrent pulse was applied thereto. The results 
were simulated in two cases. One case is that the second electrode and the phase- 
changeable pattern are the same in size, corresponding to the conventional 
structure, and the second case is that the layer of the phase changeable material of 
the present invention is smaller than the second electrode. 

[0063] In the first case, the second electrode and the pattem of the 
phase changeable material are both lOOnm in thickness and 240imi in diameter. In 
the second case, the second electrode and the pattem of the phase changeable 
material are both lOOnm in thickness, the second electrode is 240rmi in diameter, 
and the pattem of the phase changeable material is 80nm in diameter. The plug 
type first electrode is 80nm in diameter and lOOrmi in thickness in both cases. 

[0064] The resistance of the pattem of the phase changeable material is 
O.OlQcm and about 1mA program current is applied for lOnsec. 

[0065] According to a conventional structure, the maximum 
temperature rose up to approximately 605K. This result is significantly lower than 
the melting temperature of 900K for converting the phase-changeable material to 
an amorphous state (i.e., a reset state). Accordingly, the stmcture is not reset. 
However, the structure of the present invention (i.e., the second case) rose up to 
approximately 1689K, such that the reset is possible. 

[0066] According to embodiments of the present invention, a phase- 
changeable memory device may be capable of reducing program currents. 
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[0067] A phase-changeable memory device according to embodiments ~ 

of the present invention may include a plug-type first electrode, a second electrode 

and a phase-changeable material pattern. The second electrode may be larger in 

diameter than the first electrode. The phase-changeable material pattern may be 

interposed between the first and second electrodes and may be smaller than the 

second electrode in diameter. 

[0068] The second electrode may be formed as small as allowed using 
# 

an available photolithographic technology. According to embodiments of the 
present invention, the phase-changeable material pattern may be formed smaller 
than a resolution of an available photolithography technology. The program 
current may thus be reduced because the program current may decrease as the size 
of the phase-changeable material pattern is reduced. 

[0069] The phase-changeable material pattem may have any size if the 
size is smaller than the second electrode. The phase-changeable material pattem 
may be larger than the first electrode. Alternatively, the phase-changeable material 
pattem may be smaller than the first electrode or the same. 

[0070] The phase-changeable material pattem may include a 
combination of at least one selected fi-om Te and/or Se, and at least one selected 
from Ge, Sb, Bi, Pb, Sn, Ag, As, S, Si, P, O, and/or N. More specifically, the 
phase-changeable material pattem may include Ge-Sb-Te, As-Sb-Te, As-Ge,-Sb- 
Te, Sn-Sb-Te, Ag-In-Sb-Te, In-Sb-Te, 5A group elements-Sb-Te, 6A group 
elements-Sb-Te, 5A group elements-Sb-Se, and/or 6A group elements-Sb-Se, etc. 

[0071] The first and second electrodes may be formed of one selected 
from a conductive material including nitrogen, carbon, titanium, tungsten, 
molybdenum, tantalum, titanium silicide, tantalum, and/or silicide, and/or 
combinations thereof For example, a conductive material including nitrogen may 
be selected from titanium nitride (TiN), tantalum nitride (TaN), molybdenum 
nitride (MoN), niobiima nitride (NbN), titanium silicon nitride (TiSiN), titanium 
aluminimi nitride (TiAlN), titanium boron nitride (TiBN), zirconium silicon nitride 
(ZrSiN), txmgsten silicon nitride (WSiN), tungsten boron nitride (WBN), zirconium 
aluminum nitride (ZrAlN), molybdenimi silicon nitride (MoSiN), molybdenxmi 
aluminum nitride (MoAlN), tantalum silicon nitride (TaSiN), tantalum aluminum 
nitride (TaAlN), titanium oxide nitride (TiON), titanixrai aluminum oxide nitride 
(TiAlON), tungsten oxide nitride (WON), and/or tantalum oxide nitride (TaON). 
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[0072] The first electrode may be formed penetrating a first insulting 
layer, and a second insulating layer may be disposed on the first insulating layer to 
cover at least the second electrode. A metal interconnection (i.e., a data line) may 
be formed on the second insulating layer and electrically connected to the second 
electrode through a contact hole penetrating the second insulating layer. 

[0073] The second insulating layer may be disposed on a top surface 
and sidewalls of the second electrode and a top surface of the first insulating layer, 
such that an undercut space is formed imder the second electrode that is not in 
contact with the top surface of the phase-changeable material pattem. That is, the 
undercut space may extend from the side of the phase-changeable material pattem 
to the side of the second electrode and may surround the phase-changeable 
material pattem. The undercut space may reduce spreading of heat provided to the 
phase-changeable material pattem outside the pattem of the phase-changeable 
material. 

[0074] In addition, a protective insulating layer may be formed with a 
uniform thickness along an outline of a structure defined by the second electrode, 
the phase-changeable material pattem, the first electrode, and the first insulating 
layer. For example, the protective insulating layer may be formed of a material 
selected from silicon dioxide (SiOi), silicon nitride (SiNx), silicon oxide nitride 
(SiON), aluminum oxide (AlOx), titanium oxide (TiOi), tantalum oxide (Ta205), 
and/or hafnium oxide (HfOa), and/or combinations thereof 

[0075] According to additional embodiments of the present invention, a 
phase-changeable memory device may include a substrate with a transistor having 
a source region, a drain region, and a gate. A lower insulating layer may be 
disposed on the substrate, and a lower electrode may penetrate the lower electrode 
layer and may be electrically connected to the source region. A phase-changeable 
material pattem may be disposed on at least a portion of the lower electrode, and 
an second electrode may be disposed on the phase-changeable memory pattem. An 
second insulating layer may be disposed on the lower insulating layer to cover the 
second electrode, and an second interconnection may be disposed on the second 
insulating layer. In this case, the second electrode may be larger than the phase- 
changeable pattem and the lower electrode, and the second interconnection may be 
electrically connected to the second electrode through a via hole penetrating the 
second insulating layer and exposing the second electrode. 



17 of 27 



Attorney Docket No. 5649-1207 



[0076] According to still additional embodiments of the present 
invention, a method of fabricating a phase-changeable memory device may include 
depositing a phase-changeable material layer and an second electrode layer and 
etching. the layers to form an second electrode and a phase-changeable material 
pattem. The etching may use an etch gas including CF4, but a flux of the CF4 may 
be gradually reduced while the phase-changeable material layer is etched. 

[0077] The etch gas may include Ar and CI2. More particularly, the 
etching of the second electrode layer may use a gas including CF4, Ar and CI2, and 
the etching of the phase-changeable material layer may use a gas including Ar and 
CI2 without CF4. The phase-changeable material pattem may thus be formed 
smaller than the second electrode. By controlling a flux of the CF4, a phase- 
changeable material pattem can be formed that is smaller than the second 
electrode. 

[0078] According to yet additional embodiments of the present 
invention, a method for fabricating a phase-changeable memory device may 
include providing a substrate with a lower insulating layer, and forming a lower 
electrode penetrating the lower insulating layer. A phase-changeable material layer 
and an second electrode layer may be sequentially formed on the lower insulating 
layer and the second electrode, and the second electrode layer and the phase- 
changeable material layer may be patterned to form an second electrode and a 
phase-changeable material pattem. An second insulating layer may be formed on 
an entire surface of a resultant structure with the second electrode and the phase- 
changeable material pattem. In this case, the second electrode may be larger than 
the lower electrode in diameter, and the phase-changeable material pattem may be 
smellier than the second electrode and in contact with the lower electrode. 

[0079] Forming the second electrode and the phase-changeable 
material pattem by successively patterning the second electrode layer and the 
phase-changeable material layer may include forming an etch mask pattem on the 
second electrode layer. Portions of the second electrode layer exposed by the etch 
mask pattem may be etched to form an second electrode. Exposed portions of the 
phase-changeable material layer may be etched to form a phase-changeable 
material pattem smaller than the second electrode in diameter. The etch mask 
pattem may then be removed. In this case, the etching of the first electrode layer 
may use an etch gas including CF4. The etching of the phase-changeable material 
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- layer may use the same etch gas as the first etching but a flux of the CF4 gas may 
be reduced while the second etching progresses. In addition, the first and second 
etchings may both include Ar and CI2. 

[0080] The second insulating layer may be formed by a plasma vapor 
deposition and/or a plasma enhanced chemical vapor deposition. Moreover, the 
second insulating layer may be formed on a top surface and sidewalls of the second 
electrode and on the lower insulating layer. More particularly, an imdercut space 
may be formed under the second electrode that is not in contact with the top 
surface of the phase-changeable material pattem. 

[0081] Before forming the second insulating layer, a protective 
insulating layer may be formed with a uniform thickness along an outline of a 
structure defined by the second electrode, the phase-changeable material pattem, 
the lower electrode, and the lower insulating layer. The protective insulating layer 
may be formed of a material selected from silicon dioxide (Si02), silicon nitride 
(SiNx), silicon oxide nitride (SiON), aluminum oxide (AlOx), titanium oxide 
(TiOa), tantalum oxide (Ta205), and/or hafnium oxide (Hf02), and/or combinations 
thereof Moreover, the protective insulating layer may be formed by atomic layer 
deposition and/or a thermal chemical vapor deposition. 

[0082] The second insulting layer may be formed of silicon dioxide 
(Si02), silicon nitride (SiNx), silicon oxide nitride (SiON), aluminum oxide (AlOx), 
titanium oxide (TiOi), tantalum oxide (Ta205), and/or hafiiium oxide (Hf02), 
and/or combinations thereof Moreover, the second insulating layer may be 
formed by a plasma enhanced chemical vapor deposition. 

[0083] While the present invention has been described by way of 
example and in terms of the particular embodiments, it is to be xmderstood that the 
invention is not limited to the disclosed embodiments. To the contrary, it is 
intended to cover various modifications, and similar arrangements would be 
apparent to those skilled in the art. Therefore, the scope of the appended claims, 
which define the invention, should be accorded the broadest interpretation so as to 
encompass all such modifications and similar structures. 
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